In the absence of chemical methods of sufficient delicacy, various biological methods have been proposed for the detection of adrenalin in the minute amounts in which it can be supposed to exist in the blood. For some of these the claim is made that the pressor principle of the adrenal glands can be not only detected but' quantitatively estimated by their aid. Without any risk of appearing censorious, it can, I think, be said that some of these methods have been adopted for clinical investigations without being sufficiently tested by exact physiological experiments and without a just sense of the great care which is necessary in interpreting the results. I was first made aware of this about two years ago in the course of some studies on cases of persistently high arterial blood pressure, particularly in nephritis. The obvious question arose, whether the presence of an abnormally high content of adrenalin in the blood might not be a factor in the maintenance of the high blood pressure. On turning to the literature, I found that the question had apparently just been answered by A. Fraenkel, 1 who stated that the adrenalin content of the blood was not increased in chronic nephritis, although it was markedly augmented in a case of Graves' disease investigated by him. The adrenalin in normal human serum was, according to him, perfectly capable of detection, and its amount varied within the same limits as in the nephritic serum. His conclusions were based *Received for publication, July 20, 1911. 1 Arch. f. exper. Path. u. Pharmakol., 19o9, lx, 395. 
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entirely upon a comparison of the behavior of isolated rings of rabbit uterus when immersed in Ringer's solution, in human serum, and in adrenalin solutions respectively. Oxygen was allowed to bubble through the liquids. Sooner or later these uterus preparations in the oxygenated Ringer's solution began to execute fairly regular spontaneous contractions. When a liquid containing adrenalin in minute amount (a concentration as small as one to twenty millions is still capable of detection) was substituted for the Ringer's solution, a change in the curve took place characterized by an increase in tone and in the frequency of the contractions. Normal human serum occasioned an exactly similar change and so did serum from the pathological cases examined. Conclusions as to the amount of adrenalin in such sera were arrived at by fixing the greatest degree of dilution of the sera (with Ringer's solution) at which they were still active. Fraenkel recommends that the rabbits employed should be vigorous adults, not pregnant, or at any rate only at the beginning of pregnancy. It is known that in cats the effect of stimulating the sympathetic and also the action of adrenalin on the uterus depend on whether the uterus is or has ever been pregnant or is virgin. 2 In the virgin cat, adrenalin (or stimulation of the hypogastric) causes inhibition only, which persists long after the blood pressure has returned to normal. In pregnant cats, the effect is contraction pure and simple, and this reaction generally persists after pregnancy. In the rabbit, as a general rule, according to Cushny, pure contraction is caused, sometimes contraction followed by relaxation and inhibition. In one rabbit he thought that a very small dose of adrenalin induced slight inhibition, while a larger injection was followed by simple contractions, and in one pregnant rabbit in which hypogastric stimulation induced inhibition, the same effect followed adrenalin. Cushny is speaking of the effects produced by injection of adrenalin into the circulation with the uterus in situ. A certain amount of variability, then, exists in the action of adrenalin even in the case of the rabbit uterus. But its action is always the same as that caused by stimulation of the sympathetic supply, and the variability is of no consequence for the test, if on each preparation the effect of
I}PT. NAT. IrlST, C.G. N,Y,
G. N. Stewart.
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adrenalin is compared with that of the blood or serum under investigation.
Seeing that adrenalin has the most characteristic effect of causing always those reactions in smooth muscle innervated by the sympathetic which would have been caused by stimulation of the sympathetic supply, it was rather surprising to find that it was not considered necessary to test in each case the action of the fluids examined on other tissues, especially on tissues like the intestine, in which adrenalin produces inhibition instead of increase of contraction. For while it seemed very obvious that the contact of a complex liquid, especially of an alien one like human serum with rabbit uterus might cause an increase of tone,--a not uncommon sign of injury in muscular tissues, even if no adrenalin were present,--the probability that' the change was really due to adrenalin would be much increased if the characteristic adrenalin reactions were caused in other tissues, particularly in those whose response to adrenalin is the inverse of that of the uterus. Two properly chosen reactions would seem to represent the minimum number on which any conclusion could be based as to the presence or absence of adrenalin in a liquid so complex as blood. Also the quantitative variations in the reactions must agree when the serum is diluted to a definite extent. The use of the uterus method for clinical purposes by the present writer confirmed the attitude of suspicion towards results obtained by its use alone. I found, indeed, that human serum might cause changes in the curve such as were described by Fraenkel ~ (figures 12 and 13) and that very similar changes were caused by adrenalin ( figure I4 ), but my experience of the method only strengthened the conviction, that, while it might possibly be suited to act as one of a pair of test reactions, it could not, standing by itself, prove the presence of adrenalin. Fraenkel himself admits this. A proof lae says is only obtained by the agreement of different methods founded on different physiological actions of adrenalin. And he finds corroboration of the conclusion that normal serum contains adrenalin in the results of the Meltzer-Ehr-mann 4 method on the enucleated frog eyeball, and in those of O. B. Meyer 5 on stretched strips of ox artery. But the frog eyeball method has yielded negative results with human serum in the great majority of cases. Thus Comessatti, 6 in twenty-two cases of renal disease which showed normal, subnormal, or increased blood pressure obtained a positive reaction (dilatation and rounding out of the pupil), and that a weak one, in only one case. Meyer's method is apparently unsuitable for testing alien serum, or at least distinctly less suitable than for serum from the same species of animal. 7
Battelli's statement, s that concentrated human serum when injected into the circulation of animals causes a rise of blood pressure similar to that produced by adrenalin, can by no means be accepted without examination. For Schlayer has shown that concentration of serum in vacuo does not lead to its enrichment in adrenalin or rather to an increase in the action supposed to prove the presence of that body, but to a diminution which may reach 3 ° per cent. In five specimens of serum obtained from four persons, I observed, with three specimens, a fall of blood pressure on intravenous injection of the serum into dogs, and no effect with the remaining two (figures I, 2, 3, and 9). Two of the specimens were from the same person, a man (T.) with a persistently high blood pressure and a considerable amount of albumin and casts in his urine. A specimen obtained on April 26, 190 9, caused a fall of blood pressure (figure 2), while a specimen obtained on May ISth, 1909, produced only the same slight rise of pressure as was seen in the control observation with sodium chloride solution (figure 3)-A specimen of serum from another patient (C.) with a still higher blood pressure but no albumin in the urine produced a distinct though transient fall of pressure when the vagi were intact (figure 9), but no change in the same animal after the vagi were cut. It is not easy to see in the case of these three specimens how "concentrated" serum would Meltzer, Am. Jour. Physiol., 19o4, xi, 449; Deutsch. reed. I4:chnschr., 19o9, xxxv, 575; Ehrmann, Arch. f. exper. Path. u. Pharmakol., I9o 5, liii, 97 ; Deutsch. rned. Wchnschr., 19o9, xxxv, 676. Ztschr. :. Biol., 19o6, xlviii, 352. "Arch. f. exper. Path. u. Pharmakol., 19o9, lx, 233. Schlayer, Miinchen. reed. Wchnschr., 19o8, Iv, 26o4. SCompt. rend. Soc. de biol., 19o2, liv, 1179. (7. N. Stewart. 381 be likely to reveal an adrenalin action by a rise of blood pressure, even on the supposition that the serum became actually richer in adrenalin by the concentration, since the substances which by hypothesis are masking the adrenalin action must have become concentrated in the same degree. The possibility remains, of course, that in the case of the two specimens which gave a negative result, concentration might have developed a pressor effect. But even then if the adrenalin action is overborne by effects of the serum leading to a fall of pressure in three specimens out of five, it is certainly not a hopeful procedure for the clinical detection of adrenalin to inject human serum or blood whether concentrated or not into the circulation of an animal. The experiment is much too complicated. For the liquid to be tested contains, or may contain, many substances with different or even opposite physiological actions, and the test object is made up of numerous mechanisms, an action on one of which may entail secondary effects on others, which cannot be distinguished from the primary effects of some of the substances in the serum. Simplification must be sought either by "fractionating" the serum so as to reduce the number of possible substances which can act at once, or by "fractionating" the test object, so as to study the effects of the serum on relatively, simple organs, or, if possible, on simple tissues.
Let us further illustrate the unsuitability of short-cut methods for the solution of such problems. The question of the influence of a deranged selective power of the renal apparatus or of the gastro-intestinal mucosa in the genesis and maintenance of abnormally high blood pressure has often been discussed. It is conceivable that pressor substances may be absorbed in too great amount or excreted in too small an amount, oi" that the absorption of depressor substances may be defective, or their excretion excessive. A straightforward biological test calculated to appeal to the practical instincts of the clinician might seem to be afforded by the result of intravenous injection into dogs of specimens of urine from the same persons (figures 6 to 8). The injection of even considerable quantities is well borne. But the results will not lead us far in determining the presence or absence of particular pressor or depressor substances in the urine. A specimen collected from T. on May ISth, 19o9, on which occasion his serum gave a negative result, was without effect. But another specimen collected on April 26th, when his serum caused a fall of blood pressure, was also without effect. A specimen obtained on June ISth (figure 8), however, caused a distinct fall of blood pressure, which soon recovered to normal. A specimen obtained from C. on June 5th, when his serum caused a fall of blood pressure, produced a much greater and more lasting depression (figure 6). From another case of nephritis (S.), urine was obtained on May 27, 19o9, which caused only a relatively slight fall of blood pressure (from seventy to fifty-five millimeters) when injected into the circulation of a dog, while blood plasma obtained at the same time produced a more distinct fall (from eighty to fifty-five millimeters). In about a minute, the blood pressure was again at its initial level. Here, then, in three specimens out of five the effect produced is a fall of blood pressure. The remaining two specimens caused no effect at all. Shall we then straightway conclude that all the statements which have been made as to the existence of pressor substances in urine, both normal and pathological, are erroneous? By no means. The body which Abelous 9 called "urohypertensine," and which Barger and Walpole a° believe to be isoamylamine, is only one of several pressor bases produced in the putrefaction of proteins in z,itro, aa some of which are present in urine. 12 In all probability, they find their way into the urine after absorption from the intestine, where they are generated in the putrefaction of proteins. Abelous and Bardier 18 have indeed extracted "urohypertensine" from feces. Pressor substances then are present in urine. Whether they are diminished in amount in such conditions as are associated with high blood pressure, as is suggested by some observers (Abelous, in a case of arteriosclerosis; Bain, in gout), need not be discussed. The point I am making, and it is a very elementary one," is this: not only does a biological test, if it be on an entire organism, give no hint of the existence of these sub-D Abelous and Bardier, ]our. de physiol, et de path. g~n., 19o8, x, 627. 1°lout. Physiol., 19o9, xxxviii, Ribaut, Souli6'and Toujan, Compt. rend. Soc. de biol.., 19o6 , Iviii, 53o; Rosenheim, Jour. Physiol., 19o9, xxxviii, 336; Barger and Walpole, loc. cit. ~aAbelous, loc. clt.; Bain, Lancet, 19o9, ii, 365. a3Jour, de physiol, et de path g~n., 19o9, xi, 34. stances, but when a positive result is obtained, it is in the opposite sense. The reason, of course, is that direct injection of a liquid like urine into the circulation is too crude a method for the detection even of pressor substances known to be present in it. It is necessary to separate the substances, to fractionate the urine, in order to demonstrate their effect, which would otherwise be masked by the dilution and by the opposing effects of other substances. What then of blood or serum, liquids at least as complicated as urine and in which adrenalin is not known certainly to exist ? The application of urine to the enucleated frog's eyeball in the hope of determining its adrenalin content, as was done by Pal, 14 who stated that human urine contained mydriatic substances, especially in nephritis, is not quite so unpromising a procedure as the injection of urine into the circulation, since the urine acts without dilution upon a relatively simple mechanism. Yet it is much too crude a method to give good results. For the urine itself is too complicated a liquid as well as too far removed from isotonicity, as Comessatti 15 justly remarks. He found that sodium chloride solutions can cause mydriasis in the frog bulb, though not so promptly as adrenalin, and concludes that a positive result obtained by this method with serum can at most raise the suspicion that adrenalin may be present. Waterman 16 also believes that the mydriatic action observed by Schur and Wiesel, 17 when urine and serum from pathological cases were applied to the frog eyeball, by no means indicates that adrenalin was present. W. H, Schultz is is also skeptical about the use of this method for the detection of adrenalin in the serum, and asks very pertinently : "If the excised eye yields uncertain results when immersed in a I : 625,000 Ringer adrenalin solution of known composition, wha.t must one expect with a pathological serum the adrenalin content of which is undoubtedly less than this, not to mention the possible influence of other less well known substances,
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that by their combined action may cause the slight mydriasis often observed with such sera?" Direct injection of extracts of feces in salt solution in the hope of obtaining data on the mechanism of arterial hypertonus is even more straightforward and simple. The only difficulty is that it does not bring us the desired information. What conclusion, for example, can be drawn from the curve shown in figure 4 as to the existence in the feces of T. of substances connected with the maintenance of his persistently high arterial pressure? At I on the tracing, 2.2 cubic centimeters of a saline extract of feces obtained on May 15, 19o9, were injected. The mean pressure fell slightly, to rise again to the original level or even a little above it. The fall of pressure was accompanied by marked acceleration of the heart. In figure 4 , ten cubic centimeters of the same extract were injected into another dog. The course of the blood pressure curve was much the same as in figure 5 , except that the fall of pressure was greater and more transient. At first view, it might be concluded perhaps by one who was anxious for positive results that the pressor substances in the larger amount of the extract quickly overcame the depressor substances, and brought the curve much more rapidly back to the normal level than when the smaller amount of extract was used. This explanation, however, would be quite erronous. What actually happened was that the large dose (it must be remembered, also, that it acted on another dog) paralyzed the respiration, and the rapid rise of blood pressure which occurs is the classical rise of asphyxia. It will be seen that the respiratory waves have disappeared from the curve. Slight spasms of the limbs were observed. The corneas were totally insensitive. Artificial respiration was tried, but ,the animal did not recover. In other experiments with fecal extracts from the same patient and from C., a fall of blood pressure was caused, followed by a rise to normal, but toxic symptoms did not supervene and the animal survived repeated injections. In figure I I is shown the result of injecting two cubic centimeters of fecal extract from a normal man. It was observed that the heart was markedly accelerated and that the blood pressure fell sharply and then came back to normal or nearly so. A subsequent injection of the same amount of a similar extract from G. N. Stewart.
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another healthy man was followed by the death of the animal. The great variability in toxicity in all probability depends at least in an important degree upon the diet. It would be at once admitted by everyone that direct experiments of this kind could not inform us as to the content of the feces in pressor substances, although, as already mentioned, such are known to be present. Yet a filtered saline fecal extract is no more complex a liquid than serum, and, in the case of certain alien sera, no more toxic. Nor can any weight be given to general resemblances between two curves when we are attempting to decide whether the effects have been produced by one and the same substance or by different substances. For example, figures 8, 9, and Io are fairly similar curves, and so are figures 7 and I I. The resemblance is quite as great as it often isbetween curves supposed to demonstrate the action of adrenalin in blood, and curves showing the effect of actual adrenalin solutions. Yet figure 8 represents the action of the urine of T., figure 9 that of the serum of C., and figure IO that of the fecal extract of C. Hardly any one will conclude,I think, that the effect in the three cases is due to the same substance. Again, figure 7 illustrates the action on the blood pressure curve of C.'s urine, and figure I I that of an extract of feces from a normal man. It would show even a greater degree of credulity in the matter of biological tests to imagine that the mechanism of the fall of pressure in the two cases was identical.
The results we have been discussing, although only of secondary interest in connection with the main subject of this paper, may yet possess some valuein other relations, and are condensed in ~able I.
As far as is permitted by the limitations of our material, the following conclusions may be drawn :
I. Human serum injected intravenously into dogs has never produced any serious effect on the blood pressure. When an effect was obtained it was always a fall. Serum from the same person obtained at different times may produce different effects.
2. Human urine may cause a marked fall of pressure when injected intravenously into dogs, or it may have no effect. A rise of pressure has not been observed. Urine from the same person obtain.ed on different days may produce different effects. 3. Saline extracts of human feces always cause a fall of pressure when injected into the circulation of dogs, sometimes with marked acceleration of the heart and stoppage of respiration. The toxicity of different specimens varies greatly.
4. There is no obvious relation between the effects on the blood pressure of dogs, of serum and urine obtained on the same date from the same person.
April 26, 19o9. Specimens of blood and urine were obtained from T. and kept in an ice chest until clear serum had separated from the clot; then the effect on arterial pressure of intravenous injection into a dog weighing 9 kilos was tested (figures I and 2). As in all the observations, the animal was anesthetized with morphine and ether. The serum produced a small and transient fall of blood pressure following the slight preliminary rise due to the mechanical effect. Three successive injections of filtered urine, each of IO c.c., produced the same slight rise as a similar amount of sodium chloride solution. May 15, 19o9. Blood, urine, and 20o gins. of feces were obtained from T. The feces were extracted with o.85 per cent. sodium chloride solution, and the extract was filtered. The material was kept in an ice chest until clear serum had separated from the blood clot. Then the effect on, blood pressure was determined on a dog weighing 8 kilos (figures 3 to 5). The slight and momentary rise of pressure caused by injection of IO c.c. of the serum is exactly similar to that produced by sodium chloride solution, and is not succeeded by a fall. A subsequent injection of 8 c.c. of serum (about I~ minutes later) gave exactly the same result. At 4 (figure 4), IO e.c. of the fecal extract was injected. The pressure fell and then rose again to the normal height. It was noticed that the an,imal had stopped breathing. Slight spasms of the limbs were observed. Artificial respiration failed to restore the animal. Blood taken from the heart at autopsy was imperfectly clotted after standing over night in the ice chest, but on pouring some of the plasma on a strainer it quickly clotted. Evidently the plasma contained plenty of fibrinogen, which perhaps was restrained from clotting by an anticoagulant action of some constituent of the fecal extract. Very little hemolysis had occurred, as only a trace of blood pigment was present in the plasma (in, the form of oxyhemoglobin). On the next day, fecal extract and urine were intravenously injected into a 7 kilo dog. At I (figure 5) 2.2 c.c. of the extract were injected. The pressure fell, but soon recovered to the original level or a little above it. A subsequent injection of IO c.c. of urin,e caused a slight and tratlsient rise of pressure, the same rise as was caused by an equal amount of sodium chloride solution. Otherwise there was no noticeable effect. A second injection of 2.2 d.c. of fecal extract was followed by a moderate temporary fall of pressure, and then by marked dyspnea with slight spasms of the limbs, as in yesterday's experiment, and finally by death. Blood from the animal kept over night in the ice chest clotted only partially and slowly.
June 15, 19o9. Urine was collected from T. and injected into the femoral vein of a 5 kilo dog; a distinct but transient fall of pressure occurred (figure 8).
The urine still contained a considerable amount of albumin. It was very pale, and its specific gravity was lOO6. 5 .
Urine obtained the same day from another man (C.) with still higher blood pressure but no albumin in the urine caused a greater and more lasting depression (figures 6 and 7), although eventually the pressure returned to normal. It was noticed that the heart was accelerated after the injection. The specific gravity of C.'s urine was lO16. It was much more highly colored than T.'s. Repeated injections of urine from these two cases caused no permanently harmful effects. Injections of extracts of feces from the two cases made with o.85 per cent. chloride solution, on the same day as the urine was collected, caused a fall of pressure not much greater but more persistent than that caused by the urine. In all, 14 c.c. of fecal extract and 3o c.c. of urine were injected in, the course of an hour. Yet the animal had to be killed at the end of the experiment. The fecal extract was made by extracting ioo gms. of feces from each patient with 125 c.c. of salt solution. At this time, after the administration of sodium silicate, the patients had a lower blood pressure than for some time. As it was scarcely conceivable that sodium silicate could affect t,he blood pressure in any other way than by its alkalinity, the idea was suggested that an acidosis, associated with deficient transporting power of the blood for carbon dioxide, and, therefore, with increased stimulation of the vasomotor mechanism by carbon dioxide, might be a factor in maintaining the high blood pressure. T. was accordingly put on large doses of sodium bicarbonate, all other medication being stopped. T:his treatment was associated with a fall of blood pressure to a level distinctly lower than at any time since his admission. He had been treated with nitroglycerin: with little effect on the Mood pressure. The bicarbonate treatment was continued for a week, during which he said he felt better than for some time. The bicarbonate was then stopped. The blood pressure increased and he felt worse. A further course of bicarbonate produced the same favorable subjective effects and the same fall of blood pressure. Eventually, however, it had to be stopped, as his digestion was impaired. Of course no great stress is to be laid on such an experiment, yet the change in the blood pressure records was remarkable. It seems possible, therefore, that in some cases a factor in increased blood pressure may be diminished alkalinity of the circulating liquids.
388
Biological Tests for Adrenalin in Blood.
June 5, IgOO. Five c.c. of blood serum from C. caused a decided though transient fall of pres.sure when injected intravenously into a small dog (figure 9). The respirations became deep and slow. After section of both vagi, no fall of pressure was caused by a further injection of the serum, nor any rise, except a small one due to the mechanical effect. Injection of urine produced a great fall of pressure, which returned only very slowly toward the normal, just as in the experiment of June I6 (figure 7)-With fecal extract the fall of blood pressure was decided but more transient than with urine ( figure IO) , and the fall occurred after as well as before division of both vagi. After receiving I3 c.c. of serum, 8 c.c. of urine, and 9 c.c. of fecal extract (Ioo gms. of feces extracted with I25 c.c. of salt solution), the animal was in good con,dition and had to be killed. Blood obtained from the carotid clotted normally in a few minutes. The separated serum was tinged with hemoglobin distinctly though not deeply. 19
May 28, IOo9. Blood was obtained on the preceding day from S., a nephritic patient. The blood did not clot, and plasma in large amounts separated, from it in the ice chest. Subsequent injection in,to the same dog of 7 c.c. of human plasma from a case of suicide by cyanide poisoning had practically no effect. Then 4 c.c. of fecal extract from S. were injected (made by extracting 4o gms. of semi-solid feces with 5o c.c. of 0.85 per cent. sodium chloride solution and filtering). The extract had only a slight odor. The pressure fell from 8o to 3o ram. A subsequent injection of 4 c.c. of the extract lowered the pressure from 62 to 45 mm.; a further injection of 9 c.c. lowered it from 5o to 35 ram. A fin.al injection of 4 c.c. of the extract had practically no effect on the pressure, which at 3.30 P. M. had risen to 8o ram. The animal had., under anesthesia, to be killed by bleeding. The blood clotted in a few minutes.
May 27, IOOg. Saline extract of feces was obtained from two normal men. Figure H shows the effect of injecting 2 c.c. of one extract into the vein of a dog weighing 5 kilos. The blood pressure eventually came back almost to the initial height. After subsequent injection of 2 c.c. of the other extract, the heart immediately became much accelerated, the blood pressure fell greatly, and the animal died. The extracts had only a slight odor. ~OThls agrees fairly well with an incidental observation of Kfilbs, Arch. f. exper. Path. d. Ph.armakol., I9o5, lv, 87 , that filtered extracts of human feces made with an equal volume of salt solution cause no hemolytic effect when~ injected intravenousIy into rabbits, even when in vitro their action is strongly hemolytic. On the other hand, either his statement that rabbits bear very well a single injection of 2 to 5 c.c. is based on a very limited number of observations, or rabbits are much more resistant than dogs. As mentioned before, for dogs some specimens of feces are apparently almost harmless, others are very toxic.
To come back to the point from which we started in discussing the biological tests for adrenalin, it is clear that the best results will be obtained: (i) by using not entire animals, but such isolated organs or parts as are specifically acted on by adrenalin, or in other words, if the expression is permissible, by fractionating the test organism; (2) by fractionating the liquids to be tested as far as possible, so as to exclude other possibly ~ active substances than adrenalin, for example, removing the proteins from serum, as Schlayer did. He showed 2° that removal of protein from a serum did not weaken its action on strips of vessels. Very slight reflectior~ shows that in general with such quantities of material as are at out" disposal for clinical investigations, and in consideration of the nature of the material, analysis is far more feasible in the first than in the second direction. It behooves us, therefore, to multiply as far as may be the number of different test objects to which a liquid suspected to contain adrenalin may be applied. There is a pretty general agreement that chemical tests are hopeless for the quantities of adrenalin which can possibly be present in the general blood stream. Comessatti 21 indeed gives a color reaction (rose color with mercuric chloride) for adrenalin, which he recommends for testing urine, as it excludes brenzcatechin, a substance which may be confounded with it if the well known ferric chloride reaction is employed, as was the case, for example, in the work of Schur and Wiesel. 22 But, according to Waterman, 28 Comessatti's sublimate test is not in all respects satisfactory when applied to serum, Neither Fraenkel nor anybody else, as far as I am aware, has employed two methods in the same series of experiments and on the same specimens of blood or serum. Even if it were true that in one laboratory a given specimen of human serum gave a reaction with a strip of ox artery resembling that given by adrenalin, and that in another laboratory a specimen of another human serum gaye a reaction with rabbit uterus similar to that given by adrenalin, the evidence for the presence of adrenalin in both specimens of ~Miinchen. reed. Wchnschr., 19o7, liv, 1898; 19o8, Iv, 26o4; Deutsch. rac& IVchnsctur., 19o7, xxxiii, 1897 . Mi~nchen~ ~ned. Wchnschr., 19o8, lv, 1926 . ~*Deutsch. reed. Wchnschr., I9o7,~ xxxiii, 2136 serum would be much less convincing than if the two reactions had been obtained under similar conditions for each serum. Recently a paper by W. B. Cannon and D. de la Paz 24 has appeared on the detection of adrenalin in the blood of cats previously subjected to strong emotional disturbance, by means of its effect upon the longitudinal muscles of the small intestine studied by the method of Magnus. 25 In these experiments no error was introduced by the application of alien blood or se~um to the test object, since it was the cat's own small intestine that was employed. Also the comparison of blood from animals after removal of the adrenals with blood from normal animals subjected to the same emotional stimuli, in a manner "fractionated" out the adrenal contribution and therefore rendered it more feasible to rely on a single biological test object.
It seems to me that the combination of this reaction (even with the disadvantageous condition inseparable from observations on human blood of having to employ a heterologous test object) with a reaction in which the effect of sympathetic stimulation is to cause contraction of smooth muscle, affords a more reliable clinical test for adrenalin than any single test object can afford. It is, of course, as has already been indicated, theoretically desirable that a liquid which is being tested for adrenalin should be subjected to all the reactions which adrenalin is known to give. In practice, however, the permissible number of tests, is very much limited, apart altogether from the amount of time required, by the amount of material which can be obtained. Having already worked with the uterus test, I chose this to combine with the intestine reaction, obtaining both objects from the same rabbit. It is unquestionably a drawback, as Cannon remarks, that only half the animals are available for the uterus tests. The field, indeed, is even more restricted, since adult animals are required, the spontaneous contraction of uterus rings from sexually immature female rabbits being too feeble and uncertain. But once an animal suitable for the uterus test is in hand, the institution of the intestine reaction scarcely adds at all to the time consumed, since the intestine is ready almost at once and the ~ Am. your. Physioi., i9II, xxviii, 64.
Arch. f. d. ges. Physiol., I9o5, cviii, 48.
test can be carried out on it while the uterine contractions are developing to the most favorable point. It is probable that the perfusion test, as applied quite recently by P. Trendelenburg 26 to the frog circulation (which is alsoa test in which smooth muscle is caused to contract by adrenalin), would be a still better one than the uterus test to combine with observations on the intestine. Injection of blood or serum into the circulation of mammals, as is well known, is not suitable for determining the presence or absence of adrenalin, since the amount of available material must be far too greatly diluted, and effects are produced on the heart and on other mechanisms which tend to mask any true adrenalin action which might be present (see protocol of June 5, 19o9, p. 388) •
Method.--The method employed was that in common use. The rabbit was killed by being struck on the back of the neck. The small intestine and uterus were immediately removed and the contents of the intestine washed out with Ringer's solution (Locke's modification). Usually the intestine was taken out in, several pieces after double ligation wherever it was to be cut. The tissues were at once transferred to a vessel eor~taining Ringer's .solution immersed in a large bath of water kept at a constant temperature (39 ° C.) by means of a calcium chloride regulator, the water being constantly stirred by a mechanically actuated stirring arrangement. Oxygen bubbled through the Ringer's solution. Portions of intestine about 2 or 2~ cm. in length, and portions of uterus, usually of one of the horns, about II~ to 2 cm. in length were attached to one arm of a double lever writing on a slowly moving drum, so that the longitudinal fibers exerted a pull on the lever. A small platinum ring was fastened to one end of the preparation by a thread passed through the outer coat by means of a needle. This ring was engaged by a small hook attached to a rubber cork which closed the bottom of the small glass cylinder in which the preparation was immersed. The capacity of the cylinder was 7 c.c. The upper edge of the preparation was caught by a serre fine, a thread attached to which was connected to the lever by a hook. The small cylinder was supported in the bath. Near it was suspended a thermometer.
I do not desire at present to go into the question of the adrenalin content of pathological serum, further than to quote a protocol illustrative of the results obtained with serum from T. (the case of nephritis with persistently high blood pressure, and albumin and casts in the urine, already mentioned).
September I3, I9o9. Blood was obtained from the arm of T. The blood was obtained by puncture of a vein and allowed to clot. It was Arch. f. exper. Path. u. Pharmakol., I9IO, lxiii, i6I. kept in the ice chest till clear serum bad separated. Observations were then made on rabbit uterus preparations. Some of the curves are reproduce6 in figures 12 to I4Y The rabbit was full grown but not pregnant. Portions of a horn were used. Spontaneous contractions commenced a few minutes after the ,preparation was attached to the lever. Further description of the experiment is given below (figures 12 to 14) .
The general resemblance between the action of the serum and that of adrenalin should carry, I believe, but little weight, in the absence of tests with at least one other test object.
My observations on normal sera show at once how the application even of two properly chosen biological tests tend:s severely to retrench the number of positive results. Take for example figure  15 , a tracing from a rabbit uterus preparation in dog serum. At I, the Ringer's solution was removed. At 2, the dog serum was added, and at once there was a great increase of tone. This quickly reached a maximum and then declined below the original level. The contractions disappeared, but were later resumed while the preparation still continued in the serum (not shown in the figure) . The uterus was from a rabbit not very far advanced in pregnancy.
If one had been content with the uterus test alone, a positive conclusion might have been drawn as to the presence of adrenalin in the dog serum. The application of the intestine reaction ( figure  I6 ), however, shows that this conclusion would not be justified. At 3, the Ringer's solution in which the rabbit intestinal segment was beating was replaced by the dog serum. Had the increase of tone in the uterus in figure 15 been due to adrenalin, signs of inhibition might have been expected in the intestinal preparation, i. e., diminution of tone with temporary stoppage or slowing of the contractions. Instead of this, the tone rapidly augmented, the contractions continuing at a rate at least as great as in the Ringer's solution. By and by the tone began to diminish again. The contractions maintained their rate but increased markedly in strength while the preparation continued in the serum, as shown on the lower curve which cuts the curve traced while the tone was increasing. On replacing the serum again by Ringer's solution (figure I7), the tone diminishes somewhat, while the contractions proceed Portions of these figures were published in my Manual of Physiology, 6th edition, 191o, figure 449, without sensible change of rate. In figure 18 , it is seen that the contractions are going on with great regularity and at a somewhat accelerated rate in Ringer's solution.
Even with the two tests, then, we can conclude that no evidence has been obtained of the existence of a detectable amount of adrenalin in this dog serum. I do not intend to go into the question as to what the active substance or substances are which produce the increased tone in both uterus and intestine, nor into the question whether such biological tests are of more value for some kinds of Mien serum than for others. Crude they must be to some extent, for no alien serum can be supposed to be indifferent to the uterus or intestine of a rabbit:. Had the slate been clean, it certainly would not have appeared to me a promising attempt to write on it a method for the detection, let alone the assay of adrerialin, depending upon the exposure of animal tissues to liquids at once so complex and so highly specific as foreign sera. The assay of adrenalin, when adrenalin is known to be present in a simple solution, is an entirely different matter. The object of the present paper is strictly limited to pointing out how without greatly increased labor some of the so-called biological tests can be rendered more nearly crucial.
In figure 19 , with an intestinal preparation from another rabbit and serum from another dog, the increase of tone produced by the serum is even more striking than in figure 16 . It is also more persistent. There is no trace of preliminary inhibition. The contractions contint~e during the period of increased tone, and indeed their frequency is somewhat augmented. A fresh preparation of intestine from the same rabbit (figure 20) gave a similar great increase of tone, the lever rising above the top of the drum. With the uterus preparation (figure 21), a sligh t increase of tone was caused by this dog serum, but much less than that caused by the serum of the other dog in figure I5 . The rate of contraction was also somewhat accelerated for two or three beats. The increase of tone soon culminated, and then disappeared, the line of minima falling indeed somewhat below the origin.al level. The rabbit was a virgin and probably not quite mature. Here again the two biological tests instituted would certainly not permit the conclusion that adrenalin was present in this dog serum.
Incidentally this experiment confirms the statement of Kurd inowski = that the virgin uterus when subjected to an artificial circulation with Ringer's solution can execute spontaneous contractions, and the similar statement of Cushny ~ for the virgin uterus in situ. For it shows that even excised portions of a uterus not yet sexually mature can contract spontaneously.
~Arch. f. Physiol., I9O4, Supplement, 323. ~]our. Physiol., loc. cir.
In figure 22 is reproduced a portion of the curve obtained when the Ringer's solution in which a rabbit intestinal preparation had been contracting was replaced by blood from a normal man thirty-four years of age. The blood was obtained by inserting a large hypodermic needle, previously sterilized in oil, into a vein on the back of the hand, and was at once defibrinated. Since the quantity of blood procured (14 c.c.) was not sufficient to permit the serum to be used for as many experiments as were planned, the entire defibrinated blood was employed.
In figure 22 , it is seen that normal human blood produces the same marked increase in tone in the rabbit intestine preparation as is produced by dog serum. The contractions are not inhibited at all, but go on well throughout the whole period of immersion. It proved impossible to get good spontaneous contractions from the uterus preparation from this rabbit, which was well advanced in pregnancy. Several segments of the uterine horns, especially the portions between two ova and also the body of the uterus were tried, but in vain. Next day, however, the blood having been kept over night in the ice chest, good uterine preparations were obtained from another rabbit five weeks after parturition, and on these the influence of the normal human blood and that of dilute adrenalin solutions were compared. Figure 23 shows the effect of human blood, and figure 24 that of adrenalin (I : 500,000 in Ringer's solution). The curves reproduced in the two figures were taken from the same preparation, figure 23 being first obtained and the blood then thoroughly washed off with Ringer's solution before the adrenalin solution was added. In both cases it would seem that the first effect was an increase of tone with stoppage of spontaneous contractions. Very soon the tone began to diminish again and the spontaneous contractions returned (not shown in figure  23 ), although the return was later in the blood than in the adrenalin solution. In both cases the spontaneous contractions were feebler in the blood than in the Ringer's solution. In figure 24 , at II a stronger solution of adrenalin (I : IOO,OOO in Ringer's solution) caused a decided diminution of tone with perhaps a very slight preliminary increase. On the .whole, to the eye the resemblance between the effects of blood and adrenalin solution in the two figures is striking and on a superficial view it might suggest that the cause was the same, i. e., that the blood contained adrenalin. The application of the second test (with the intestinal preparation) at once shows that this conclusion is premature. Figure 25 illustrates the effect of replacing the Ringer's solution with the blood; viz., the same decided increase of tone which was obtained with perfectly fresh blood. Incldentally this excludes the possibility that in the twenty-four hours elapsing since the human blood was drawn, the adrenalin in it might have disappeared. For as regards the intestine, its behavior was the same two hours after withdrawal from the body. Figure 26 shows the effect of adrenalin (I : 1,0o0,o0o in Ringer's solution) on the same preparation of intestine after the Mood had been thoroughly washed off with Ringer's solution. There is a diminution of tone which gradually reaches a minimum and then slowly increases toward the original level without, however, in the time of observation quite reaching it. In figure 27 , with a stronger solution of adrenalin ( i : i0o,0o0) the same preparation underwent a very marked diminution in tone. In both cases the spontaneous contractions persisted, although diminished somewhat in force. The effect then of the normal human blood, although quite similar to that of adrenMin when the uterus preparation is alone regarded, is entirely, different from that of adrenalin when the test" is made on the intestine. Again, it is obviously proper to conclude that the combined result of these two tesis is negative as regards the presence of adrenalin in normal blood.
In some pathological cases, certain observations were made on other possible factors in maintaining high blood pressure besides the presence of specific pressor substances in abnormally great amount. T h e object of these experiments was, in conjunction with adrenalin estimations in the blood, to analyze the conditions on which the high blood pressure depends, by determining whether the washing out of carbon dioxide or the increase of the alveolar oxygen partial pressure has any effect on the blood pressure in this condition. It will be seen f r o m the first protocol that forced breathing causes practically always a slight but definite fall of blood pressure. T h e second protocol indicates that the washing out of carbon dioxide is a factor in the fall of pressure, since the highest pressure was obtained during respiration of a m i x t u r e rich in carbon dioxide, a° This does not, however, exclude the mechanical influence of forced respiration, which according to Hill and Flack 81 causes a fall of blood pressure in normal persons and which I have shown to be a factor in the diminution in the rate of blood flow (in the h a n d ) associated with forced respiration. 82 N o clear indication of a n y action of oxygen on the blood pressure is afforded by the protocols, which agrees with m y negative result on the blood flow through the hand in normal persons. 3a
Since increased intracranial pressure causes increased systemic arterial pressure, it seemed desirable to test the question whether the withdrawal of cerebrospinal fluid would affect the blood pressure.
Observations were accordingly made on C. with the Riva-Rocci sphygmomanometer on June 22nd, 19o9, before, during, and after the withdrawal of cerebrospinal fluid by lumbar puncture. The puncture was performed by Dr. Richard Dexter, to whom I am much indebted for constant assistance at the hospital during this investigation. The syringe was connected with a manometer tube in which on the passage of the needle into the spinal canal the cerebrospinal fluid rose to a height indicating a pressure of I5o ram. of the fluid.
so This is, of course, not at variance with the recent statement of Hooker (Am. Your. Physiol., 1911, xxviii, 361 ) that the direct action of carbon dioxide on the perfused blood-vessels of the frog is a diminutiort of vascular tone. In the intact body, the action on the central mechanisms may mask any peripheral effect. ~ Your. Physiol., 191o, xl, 347. Stewart, Am. Your. Physiol., I911, xxviii, 19o. sa Stewart, ]our. Pharmacol. and Exper. Therap., 1911, ii, 477. Notes.
Pulse xoo
The patient complained that after the puncture he could not see so well with his left eye. Ophthalmoscopic examination did not reveal any retinal hemorrhage. Retinitis was present before and remained unaltered. The cerebrospinal fluid drawn off was perfectly clear. The quantity was 8 c.c. The blood pressures observed on this patient, after the puncture, were much the lowest that he had shown since admission. Subjectively, however, his condition was, if anything, worse. He complained of headache.
Intravenous injection of the cerebrospinal fluid into a dog weighing 3,75o gms. (anesthetized with morphine and ether) produced exactly the same slight effect on the arterial blood pressure as injection of the same amount of sodium chIoride solution.
SUM MARY.
I. The combination of a biological test object on which adrenalin causes contraction of smooth muscle (perfused blood-vessels or the uterus in certain conditions) with a biological test object on which it produces inhibition of contraction of smooth muscle (intestine) greatly diminishes the chance of error in testing blood (or other body liquids) for adrenalin. A control experiment with adrenalin solutions should, in general, accompany each observation on the blood.
2. When properly chosen biological tests are employed, no evidence is obtained of the presence of adrenalin in detectable amount in normal blood taken from the general circulation.
3. In a case of nephritis with albuminuria and persistently high arterial pressure, the pressure was diminished by forced breathing. The washing out of carbon dioxide seemed.to be a factor in this diminution as well as the mechanical interference with the circula-tion. In this case, the administration of large doses of sodium bicarbonate was associated with a marked diminution in the blood pressure.
4-In another case with persistently high blood pressure, the drawing off of cerebrospinal fluid caused a distinct diminution in the arterial pressure, presumably by lowering the intracranial pressure. No pressor substance was detected in the cerebrospinal fluid.
EXPLANATION
OF PLATES. I2 . Rabbit uterus preparation. The rabbit was fully grown and not pregnant. At I, the Ringer's solution in which the preparation had been contracting was replaced by blood serum from a patient T., a man with persistently high arterial pressure who was suffering from renal disease. The tone was markedly increased and the contractions stopped at first, hut soon recommenced (at 5), the tone falling somewhat, but remaining greater than in the Ringer's solution. The rate of contraction is somewhat greater in the serum than in the Ringer's solution. Time trace, half minutes.
FIG . I3 . Upper trace, rabbit uterus preparation contracting in serum from T. diluted with its own volume of Ringer's solution. The lower trace is from the same preparation contracting subsequently in Ringer's solution after the serum had been washed off. The contractions in the Ringer's solution are much feebl.er than in the serum, although more frequent. Time trace, half minutes. FIG. I4 . Uterus preparation from the same rabbit as was used for figures I2 and I3. At I, a little adrenalin was added to the Ringer's solution. The preparation was contracting spontaneously (not shown in figure) . The adrenalin caused at once a great increase in tone and the contractions stopped for a time. At 2, the drum was stopped till the spontaneous contractions began again, which they did after the tone had gradually decreased to the extent shown on the tracing. Time trace, half minutes.
FIG . I5 . Rabbit uterus preparation contracting in Ringer's solution, which was removed at I and replaced at 2 by the serum of a normal dog. There was a great increase of tone and the rhythmical contractions ceased for a time. The increase of tone soon gave place to a diminution below the initial level. Time trace, five second intervals.
Fie. I6. Intestine preparation from the rabbit whose !uterus was used for figure 15 . At 3, the Ringer's solution in which the preparation Was contracting was replaced by the dog serum. The tone was much increased, the contractions persisting. 4 shows the continuation of the tracing, the preparation remaining in the serum after the tone had diminished again. Time trace, five second intervals.
FIG. I7. Tracing continued with same intestine preparation as in~ figure  I6 . At 6, began to remove the dog serum. At 7, completed removal of the serum. At 8, added Ringer's solution. Time trace, five second intervals.
Fie. i8. Tracing continued with the same intestine preparation, as in figure I7 , the intestine contracting in the Ringer's solution after removal of the dog serum. Time trace, five second intervals.
FI~. I9. Intestine preparation from another rabbit and serum from another normal dog. While the preparation was contracting spontaneously in Ringer's solution, the solution was removed at I and dog serum added at 2. Immediate increase of tone resulted, the contractions continuing. Time trace, half minutes.
Fm~. 20. Another preparation from the intestine of the same rabbit as was used for figure 19. Preparation contracting in Ringer's solution. At I, began to remove Ringer's solution. At 2, added dog serum. The increase of tone was so great that the writing point rose above the top of the drum. Time trace, half minutes. 
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Biological Tests for Adrenalin in Blood.
Fro. 23. Rabbit uterus preparation contracting in Ringer's solution. At I, removed the solution, and at 2, substituted for it normal human blood. Transient slight increase of tone followed by gradual diminution below the initial level and cessation of contractions. Time trace, half minutes.
Fit. 24 . Same uterus preparation as was used in figure 23 . The spontaneous contractions were resumed while the preparation was still in the bIood. At 6, removed blood, and at 7, added adrenalin (I: 500,0o0). Immediate transient increase of tone resulted, followed by diminution. Note resemblance between figures 23 and 24. At IO, the adrenalin solution was removed with the drum stopped. At II, a stronger adrenalin solution (I: IOO,OOO in Ringer's solution) was substituted. Time trace, half minutes.
Fro. zS. Rabbit intestine preparation contracting in Ringer's solution. At I, removed the solution, and at 2, added human blood (kept 24 hours in ice chest). Time trace, half minutes. 
